pathway has become the treatment of choice in adult patients with drug refractory Wolff-Parkinson-White syndrome and AV nodal reentrant tachycardia, respectively.2-5) Initial results using radiofrequency ablation in children and adolescents were excellent, and the complication rate was low.6-11) However, possible arrhythmogenicity was suggested because of small heart size and continuous cardiac growth in these young patients.12) Furthermore, the anatomic substrates and electrophysiologic properties of supraventricular tachyarrhythmia in these young patients might differ from those in adults, and deserve detailed study.13, This study reports (1) experience in using radiofrequency catheter ablation for the management of symptomatic supraventricular tachyarrhythmia in teenagers, and (2) comparisons of electrophysiologic characteristics and results of radiofrequency ablation between teenagers and adults studied in the same electrophysiology laboratory. annulus, beneath or above the leaflet (from the retrograde ventricular approach or the transseptal approach). For the right anteroseptal and midseptal accessory pathways, the tip electrode (8-pole electrode catheter) was positioned against the right wall of the atrial septum (from the femoral vein approach). The presumed ablation sites for accessory pathways showed typical AV fusion with ventricular activation preceding the delta wave, typical VA fusion with earliest retrograde atrial activation or a possible accessory pathway activation potential. For the slow pathway, the tip electrode was positioned along the tricuspid annulus (from posterior approach). The presumed ablation sites for the slow pathway showed a fractionated local atrial electrogram with A/V ratio less than 1 or a possible slow pathway activation potential. Energy (20 to 50 watts for accessory pathways; 30-40 watts for slow pathway) was usually applied during sinus rhythm, ventricular pacing or atrioventricular reentrant tachycardia in patients with accessory pathways and during sinus rhythm or atrial pacing in patients with AV nodal reentrant tachycardia. When accessory pathway conduction was lost within 10 to 15 seconds, the application of energy was maintained for 60 to 120 seconds (longer application time in right-sided accessory pathways). When junctional rhythm was present within 10 seconds during slow pathway ablation, the application of energy was maintained for 20 to 60 seconds. Radiofrequency current was terminated immediately in the event of an increase in impedance, displacement of the ablation catheter or prolongation of PR interval. In most patients, a second application of radiofrequency energy (same power, 30 to 60 seconds) was delivered at the successful ablation site. The end points of ablation procedures were complete elimination of accessory pathway conduction without AV reciprocating tachycardia and modification or elimination of slow pathway conduction without AV nodal reentrant tachycardia. Intravenous heparin in a bolus dose of 5000U and an infusion of 1000U per hour were administered to all patients requiring a catheter in the left side of the heart. The total procedure and radiation exposure times were calculated (including the time required to insert and position electrode catheters, time for the diagnostic part of the electrophysiologic study, mapping and ablation procedures; excluding the time required to remove the electrode catheters and vascular sheaths and to obtain hemostasis). Postablation monitoring and long-term evaluation: All patients were monitored in the coronary care unit for 24 hours after the ablation procedures. Serial creatine kinase, creatine kinase MB fraction levels and 12-lead electrocardiograms were measured every 8 hours for 24 hours. Two-dimensional echocardiography was performed one or two days after the ablation procedure in 35 of 49 patients.
MATERIALS AND METHODS
Patients were encouraged to receive follow-up electrophysiologic study if they had frequent complaints of palpitation after successful ablation. A second ablation session was arranged if the patient had recur- dences of concealed conduction, decremental conduction, exclusively antegrade conduction, orthodromic and antidromic tachycardias were similar in these two groups. The electrophysiologic characteristics of antegrade and retrograde accessory pathways and AV node pathways were significantly poorer in adults. However, no fast-slow form of AV nodal reentrant tachycardia was inducible in teenagers.
Results of radiofrequency ablation (Table IV) . The success rate, incidence of recurrent tachycardia, procedure time, radiation exposure time and number of radiofrequency pulses for successful ablation did not differ significantly between teenagers and adults. During the follow-up period, none of the teenagers had any early or late complication. In contrast, 15 of the adults had major or minor complications including 2 cardiac tamponades, 4 AV blocks, one acute aortic regurgitation, 2 aortic dissections, 2 cerebral strokes, 3 femoral artery thromboses and 1 inguinal hematoma.
DISCUSSION
Main finding: This study found that radiofrequency ablation was effective and safe in teenagers with paroxysmal supraventricular tachycardia. Furthermore, different electrophysiologic characteristics were found between teenagers and adults. Accessory pathways in young patients: Supraventricular tachycardia using an accessory pathway is the most common mechanism of tachyarrhythmia in young patients.1) The incidence of accessory pathway-mediated tachyarrhythmia was 48% and 73% in Garson's and Ko's reports, respectively.1,18) In this study, 32 of 49 (65%) patients had accessory pathways, and manifest preexcitation was found in 14 (44%) of 32 patients. Serial studies of the electrocardiogram in young patients with ventricular preexcitation have reported that spontaneous disappearance of the preexcitation pattern occurred in 36% to 50% of young patients.19-2 Resolution of preexcitation might be explained by anatomic maturation of the conduction system, the development of adrenergic innervation, a decrease in cholinergic dominance and developmental changes in electrophysiologic properties of accessory AV connections.22) However, patients who no longer have a ventricular preexcitation pattern may still have attacks of supraventricular tachycardia. It is possible that conversion from a bidirectional to a unidirectional accessory pathway (only from the ventricle to the atrium) might mediate the attack of tachycardia. According to the previous study, if the first episode of supraventricular tachycardia occurred in an infant younger than four to six months of age, the prognosis for complete resolution of supraventricular tachycardia was considerably better than if the supraventricular tachycardia be- Several aspects concerning teenagers warranted special consideration: (1) catheter manipulation is more difficult in younger patients, given a small heart size; therefore, use of long vascular sheaths to avoid vascular and myocardial injury during the transseptal approach or retrograde ventricular approach has been suggested;8) (2) late effects of radiofrequency lesion production in the immature myocardium remain unknown. In experimental studies, radiofrequency lesion formation in the immature myocardium is similar to that in the adult myocardium acutely, but is associated with late lesion enlargement and fibrous tissue invasion of normal myocardium;12) (3) although the previous study from our laboratory showed that arrhythmogenic effects of radiofrequency ablation were rare in adults, future development of an atrial or ventricular arrhythmogenic substrate in teenagers after ablation was unknown;29) (4) the risk of radiation exposure for teenagers is somewhat greater because of their somewhat longer life expectancy, and efforts should be made to limit such exposure.30,31) Thus, a longer follow-up is required to confirm the safety of radiofrequency catheter ablation in teenagers. Study limitations;
Several limitations were found in this study: (1) although these results in teenagers and adults were obtained from the same laboratory, this study group did not include infants and small children, and thus might bias the results; (2) the electrophysiologic parameters were obtained from those pediatric patients who were refractory to or could not tolerate several antiarrhythmic drugs, and thus could not represent the definite characteristics of all pediatric patients; (3) although the mean follow-up period was longer than in several previous reports, a longer follow-up period and regular noninvasive study (echocardiogram and Holter monitoring) would be necessary for those patients with longer procedure and radiation times and more pulse numbers during the ablation session.
